Mouse-human hybrid clones were tested for the presence of human hexose-l-phosphate uridylyltransferase (EC 2.7.7.12;UDPglucose:a-D-galactose-l-phosphate uridylyltransferase). Two criteria, starch gel electrophoresis and double-immunodiffusion against a human transferase-specific antibody, were used to identify human enzyme in the hybrid clones. Seventeen of 33 hybrid clones analyzed were found to contain human transferase by both criteria. Karyological analysis of the hybrid clones showed concordant segregation of-human transferase with human chromosome 3. Humsn galactokinase was asyntenic with human transferase. We thus assign this gene to human chromosome 3.
The fusion of rodent and human somatic cells in culture to produce hybrid clones in which human chromosomes segregate has become a popular approach to linkage analysis in man (1) . Unidirectional loss and segregation of human chromosomes in rodent-human hybrids (2-4) and preferential retention of certain human chromosomes in hybrids derived from fusion of thymidine kinase-deficient mouse cells and simian virus 40-transformed human fibroblasts (5) have been described.
This report provides evidence for linkage of the structural gene for hexose-1-phosphate uridylyl transferase (EC 2.7.7.12; UDPglucose: a-D-galactose-1-phosphate uridylyltransferase) to human chromosome 3 by use of mouse-human hybrid clones selected in HAT medium from four different fusion experiments between a thymidine kinase-deficient mouse cell line (ClID) and three different human fibroblast cell lines (W18Va2, LNSV, and KOP-2) (5).
METHODS AND MATERIALS
A description of the mouse (CliD) and human (W18Va2, LNSV, and KOP-2) parental cell lines, and the methods used for fusion, selection, and cloning have been reported (5) .
Karyological Analysis. Slides containing chromosome preparations were treated with a solution of 0.05% trypsin and 0.02% EDTA (w/v, GIBCO) for 5 min. The slides were then washed with (a) medium containing 5% (v/v) fetal calf serum, and (b) Hanks' solution. Giemsa-banding of chromosomes was than obtained by (a) staining with 2% Giemsa at pH 6.8 for 5 min, (b) rinsing with pH 6.8 buffer (one tablet of G. T. Gurr, pH 6.8, in 100 ml of water), and (c) drying with humidified hot air. A minimum of 20 metaphases were analyzed for each hybrid cell clone. The use of this method to distinguish mouse and human chromosomes in interspecific hybrids has already been reported (6) . 3483
Preparation of Cell Extracts. Both parental cells and hybrid clones were grown to confluency in Blake bottles with Eagle's minimal essential medium supplemented with 10% fetal calf serum. The cells were harvested with trypsin-EDTA (7). The harvested cells collected by centrifugation were extracted by suspending 20 X 106 cells in 1.0 ml of lysing buffer which contained 13.3 mM Na, K phosphate, 0.8 mM Na4EDTA, and 6.4 mM dithiothreitol, pH 7.4, followed by freezing and thawing of the cell suspension five times. The suspension was then centrifuged at 20,000 X g for 15 min at 40; the supernatant was removed and immediately lyophilized to dryness. About 1 mg of the dried extract (about 0.5 mg of protein) reconstituted in 0.04 ml of water was usually sufficient for both electrophoretic and immunodiffusion analysis.
Electrophoresis. Starch gel electrophoresis for both hexose-1-phosphate uridylyltransferase and galactokinase (EC 2.7.1.6) was performed horizontally with 11.34% Electrostarch (lot no. 371, Electrostarch Co.). The gel buffer contained 20 mM L-histidine, 3 mM Na2EDTA, and 3 mM mercaptoethanol, pH 6.0. The electrode buffer was identical to that described by Ng et al. (8) , except that the pH was 8.0. Electrophoresis was for 18 hr at 40 with 12 V/cm across the gel. Samples were applied to the gels by inserting 0.5 X 1.0-cm strips of Whatman 3M filter paper saturated with reconstituted extract. Zones of uridylyltransferase activity were localized with the staining mixture described in ref. 8 except that the reaction mixture was layered over the gel in 0.5% Ionagar no. 2 (Consolidated Laboratories, Inc.).
Galactokinase activity was localized in the gel by modifying the uridylyltransferase reaction mixture; glycine buffer was replaced with 0.2 M Trisc HCl, pH 8.0, and galactose-1-P with 0.4 mM galactose, 6.6 raM ATP, and 0.1 unit/ml of yeast uridylyltransferase (Sigma Chemical Co.). NADPH formation in the zones of enzyme activity was made visible under long-wave ultraviolet light.
The starch gel electrophoresis method described by Spencer et al. (9) was used for lactate dehydrogenase A and B, and nucleoside phosphorylase. The method described by Okada and O'Brien (10) was used for the hexosaminidase A. Double-Immunodiffusion. The preparation of a specific antibody to human transferase protein has already been described (11) . Double-immunodiffusion was routinely carried out in immunodiffusion cells (IDF Cell I, Cordis Laboratories). 
RESULTS AND DISCUSSION
Both human and mouse uridylyltransferase migrate anodally in the starch gel electrophoretic system described. Mouse uridylyltransferase migrates as a single band of enzyme activity, whereas uridylyltransferase from the human parental cell lines separates into three bands and the slower moving, most intense band moves to a position 1-cm cathodal to the mouse band. Fig. 1 shows the electrophoretic patterns of uridylyltransferase activity in mouse and human parental cell extracts, and four clones positive and one negative for the presence of human uridylyltransferase.
We have already established that human uridylyltransferase is composed of subunits (11) Table 1 ). Table 2 lists all of the human chromosomes in the 17 hybrid clones found to contain human uridylyltransferase by both criteria. These data show that nearly all of the uridylyltransferase-positive clones also contain human chromosomes 7, 11, 12, and 14. Evidence that human transferase is not linked to any of these chromosomes A minimum of 20 metaphases for each hybrid cell clone was karyotyped after Giemsa-banding (see Methods and Materials). + = human chromosome present in more than 30% of the metaphases. Hybrid cell clones with human chromosome 3 in less than 30% of the metaphases were not included in this analysis. (14) . Table 4 shows that galactokinase and uridylyltransferase are asyntenic in the human cells.
The data presented here are inconsistent with those of Sun, Chang, and Chu, who have assigned the human gene for uridylyltransferase to chromosome 2 (13, 15) . Since only one out of 17 of the human uridylyltransferase-positive clones listed in Table 2 displayed the presence of human chromosome 2, and since two independent lines of evidence (electrophoretic and immunodiffusion) were used to identify human uridylyltransferase in these hybrid clones, we feel that chromosome 54 independent hybrid clones, we have been unable to confirm the assignment of the human gene for mannosephosphate isomerase to human chromosome 7, since they were found to segregate independently. However, the evidence that the human hexose-1-phosphate uridylyltransferase is not linked to human chromosome 7 is based on the asyntenic relationship demonstrated between human uridylyltransferase and the expression of the simian virus 40 T antigen, the gene for which has been assigned to chromosome 7 in simian virus 40-transformed human cells Proc. Nat. Acad. Sci. USA 70, 3617].
We have also found a positive correlation between the presence of human chromosome 17 and the expression of human galactokinase activity (Orkwiszewski et al., Nature, in press). 
